Introduction 39 40
Bamboo is an important forest biomass resource. However, the use of bamboo is limited to 41 handiwork in most cases, although it is sometimes used as a fill material in various composites. 42
Bamboo has characteristic structures and properties, which have been investigated in various 43 respects [1] [2] [3] [4] [5] [6] [7] . In recent years, bamboo has been studied for a variety of applications, including its use 44 as a biomimetic model. 45
The properties of bamboo originate from the composition and distribution of the vascular 46 bundles and parenchyma tissues, which are the main constituents of the central cylinder of the 47 5 before the creep test. The specimen was wrapped in polyethylene film to keep moisture content 109 constant. There was little weight change before and after the creep test for each specimen. 110
Creep tests were conducted in cantilever bending at room temperature. The load was within 111 30% of the proportional limit of the load deformation diagram. surrounded by parenchyma tissues in the region between the epidermis and endodermis, were 119 distributed characteristically. The distribution of vascular bundles became dense, and their shape was 120 elongated in the radial direction from the inner to outer layer (Fig. 1b) . The characteristic change in 121 the vascular bundles depended on the position in the longitudinal direction. Although these 122 characteristics are well known, quantitative analyses of the distribution in the longitudinal and radial 123 direction have not been conducted. Here, cross-sectional image features of vascular bundles were 124 evaluated using the R/T ratio. 125 Figure 2 shows the relationship between the R/T ratio and the area ratio obtained by image 126 analysis of the cross-sectional images and the internode height. The R/T ratio depends on the 127 internode number or internode height, and the tendencies of dependence were different in the inner 128 and outer layers. The R/T ratio in the bottom section of the culm was lower than other sections in both 129 the inner and outer layers. The R/T ratio in the outer layer was almost constant for internodes 5-20 130 and tended to increase for internodes 21-27. In contrast, it was almost constant above internode 5 in 131 the inner layer. That is, the R/T ratio was constant regardless of internode height except in the bottom 132 sections. The area ratio increased continuously with internode number in both the inner and outer 133 layers. Also, the area ratio was larger in the outer layer than in the inner layer. 134 Figure 3 compares the change in R/T ratio and area ratio in the radial direction for the bottom, 135 middle, and top sections of the culm. Radial and longitudinal fluctuations were observed for both the 136 R/T ratio and the area ratio. Notably, the R/T ratio in the inner layer hardly depended on internode 137
height. 138
The mechanical properties of bamboo depend on density [12] . Because bamboo consists of 139 parenchyma tissues and vascular bundles, we investigated the density dependency of the R/T ratio 140 and area ratio, which are cross-sectional image features of vascular bundles. Figure 4 shows the 141 density dependency of the R/T ratio and area ratio. 142
A correlation was observed between area ratio and density, though it became weaker as the 143 area of the cavity varied within the vascular bundles, because the area ratio was calculated based on 144 the area including the vessel cavities and sieve tubes. The correlation coefficient was higher in the 145 low-density region but somewhat lower in the high-density region. In contrast, the R/T ratio tended to 146 depend on density differently than did the area ratio. Little scatter in the R/T ratio was observed, and 147 the correlation was weak in the inner layer, although R/T ratio was strongly correlated with density in 148 the outer layer. The image analysis of 24 cross-sectional images revealed that R/T ratio and area ratio varied 165 longitudinally and radially, and that the size of the vascular bundle itself varied from the inner to the 166 outer layer in the radial direction. We evaluated the relationship between relaxation properties and the R/T ratio or area ratio, 178 which are the instantaneous compliance J(0) and the creep intensity J (3 × 10 4 ) -J (0). The former is 179 the creep compliance when the measuring time t is zero and the latter is the difference between the 180 values of creep compliance at t = 3 × 10 4 and t = 0. 181 Figure 6 shows the density dependences of the instantaneous compliance and creep intensity. 182
Both instantaneous compliance and creep intensity were negatively correlated with density and 183 tended to decrease with increasing density. However, their density dependences largely differed. or its changes in cross-section. This is probably because relaxation behavior is attributed to the 208 conformation change and interaction of the molecular chains in the substance. This difference appears 209 in the flat region in Figure 6 , where the density is 0.5-0.7, that is, in the outer layer of internodes 4-22. 210
That may be related to the fact that bamboo grows into a large culm despite its small diameter [23] .
212

Conclusions 213
The R/T ratio and area ratio of vascular bundles, which are cross-sectional image features of 214 bamboo, had a characteristic distribution in both the longitudinal and radial directions. The R/T ratio 215 was larger in the outer layer than the inner layer in the radial direction, and smaller in the bottom 216 section than other sections of the longitudinal direction. In the outer layer, the R/T ratio was almost 217 constant for internodes 5-20, whereas it increased as the internode number became larger for 218 internodes greater than internode 20. It was almost constant in the inner layer of internodes greater 219 than internode 5. The area ratio was larger in the outer layer than the inner layer. It increased 220 continuously with internode number, and the degree of increase was larger in the outer layer. The 221 average vascular bundle area in the inner layer was 2.5 times as large as that in the outer layer. to the R/T ratio and area ratio, whereas creep intensity had a poor correlation with density. This result 226 suggests that the difference between instantaneous compliance and creep intensity is attributable to 227 the dependence of creep intensity on microstructure, such as the conformation of molecular chains in 228 the substance, more strongly than the R/T ratio and area ratio, which are cross-sectional image 229 
